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Comparative tests on spark-gans
I hde

INTRODUGTION

In order to achieve the optimum arrangement for the coordination
of insulation and overvoltage protective devices from the technical
and economic viewpoint, high accuracy is required in the measu-
rement of impulse voltages. It was for this reason that the C.1.G.R.E.
Commiltee No. 8 decided, at its meeting in Stockholm from 1 to 3 June,
1953, to determine the accuracy which can at present be attained
in the measurement of impulse voltages by comparative experiments
in a number of high-voltage laboratories in various countries. For
these experiments special importance was attached to determining
the fechnical measuring accuracy, which is used for industrial measu-
rements and acceptance tests. Artificial methods of improving this
accuracy, such as, for example, irradiation of the spark gaps, were
deliberately avoided, because although these methods are of course
well known to research workers, they are not generally used when
making industrial measurements.

The members of the C.I.G.R.E. Committee No. 15 (Coordination
of Insulation) also took part in the above-mentioned discussion of
the C.I.G.R.E. Committee No. 8.

On the hasis of a research programme of 28 October, 1953, the
appointed study group communicated the results of tests carried
out up to the end of 1955 by 14 European high-voltage laboratories.
These laboratories are distributed among the various countries as
follows:—

Germany (3), France (1), Holland (1), Austria (1), Sweden (1)
and Switzerland (7). A summary showing the laboratories which
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participated and the tests which they carried out'is given in Table I.
The results of the measurements were statistically. analysed by the
Swiss Research Committee for High Voltage Problems (F:IK.IL) in
Zurich, and were discussed at the meeting of the Study Group on
18 and 19 November, 1933 in Zurich. The results of the measure-
ments made to date are described in the following report.

Tests objects.—The comparative tesls were deliberately made on
the simplest and most “easily reproducible objects possible.” For
this reason no insulators or overvoltage arresters were chosern, hut
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F16. 1.—Investigated sphere gap, sphere diameter 250 mm ;- Gap 60 and 125 mm.

provisionally two different sphere gaps, a rod-rod gap and a rod-
plane gap. The arrangement of these spark gaps is shown to scale
in figures 1. to 3. Each laboratory made its own spark gaps from
the dimensional drawings. '

Laboratory arrangements.—FEach laboratory used ifs own:
normal equipment. The results; which were discussed at.the meeting
held on 18/19 November, 1955 in Zurich, showed-that it would De
desirable to send a questionnaire in order to provide a more accurate
description of the overall arrangements used in the laboratories
for the tests. The results of this questionnaire are shown in the
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Fie. 3.—Investigaled rod-plane gap, spark distance 450 mm.
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three tables Nos. II to IV. Table No. II contains the general infor-
mation on the arrangements used for the test, specifications regarding
the illumination of the test object, clearances, earthing, etc., Table III
data on the impulse generator and potential divider, Table IV data
on the cathode ray oscillograph with its connecting cable.

In the specification of the vollage divider, the following different
arrangements. were regarded as possible:—

«) Resistive divider without intentional shield capacity.

b) Resistive divider with a small shield capacity in air, produced
by suitably shaping the electrodes on -the high voltage resistance.

¢) Resistive divider with concentric shield - capacitor, without
interconnection between resistor and capacity (fig. 4).

d) As ¢), but with interconnection between resistor and capacitor,

CRQO
fig. 4

Fie. 4—Resistive voltage divider with conceniric shield capacitor:
a) Without interconnections hetween resistor and capacity.
b) Resistive and’ capacitive divider connected in parallel.

so thal a resistive and capacitive divider are connecled in parallel
(fig. &).

e) Capacitive divider.

/) Special divider, e.g. with additional damping.

Investigated parameters.—The primary object of the compa-
rative tests was to determine the cumulative frequency curves of
Lhe breakdown voltage of the various spark gaps. From these curves,
in the first place, values of the 50 % breakdown voltages of the four
gaps- under examination are obtained. Secondly, the ‘so-called
withstand voltages (“0 9% - voltages”) and the “100 9 breakdown
voltages” can he determined from the cumulative frequency curves.
The term “100 9 voltage” is just as bad and incorrect as the term
“0 9% voltage”, it should be replaced by a better expression. There

#
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is still a lack of clarity about these conceptions introduced by the
LE.C. The simplest method of determining these voltages of
0 to 100 % breakdown frequencies occurs if the cumulative frequency
curve is of Gaussian form. This may not be the case. However,
provided that the Gaussian distribution applies, the standard devia-
tion s indicates the frequency of all voltages for more than 0 up to
less than 100 9% breakdown. The value of s can be determined either
by calculation using the method of minimum squares or graphically,
the various measured values being plotted on so-called probability
paper. The system of coordinates on this paper is so chosen that
the Gaussian distribution gives a straight line, the inclination of
which to the vertical indicates the standard deviation s.

The frequency curves of the breakdown voltages of the four test
objects (spark gaps) were determined with a standard 1/50 impulse,
both when dry and under rain.

As a second requirement the breakdown characteristic of the spark
gaps was to be determined. Particular interest attached to the
accuracy of the measurement of the breakdown voltage after 0.5 ps,
because definite values had been laid down for this by the I.E.C. as
regards protective devices.

Methods of measurement.—In order to avoid uncertainties in
carrying out measurements with the sphere gap, the following method
of measurement was employed: The full (not chopped) test impulses
of 1/50 waveform were measured with the cathode ray oscillograph
and a resistive voltage divider, the cathode ray oscillograph being
calibrated with a direct voltage between 0 and 1,000 V and the ratio
of the resistive divider being determined by measaring the values
of the resistors.

For the measurement of the chopped impulse voltages it was recom-
mended that in order to calibrate the voltage divider used for this
purpose by the laboratory concerned, it should he compared with
the resistive divider using full impulses. The procedure adopted
in measuring the breakdown frequency curves was laid down as
follows. Starting from low voltages, the impulse voltage was increas-
ed by small increments until the 100 9% voltage was reached, after
which it was decreased again in small steps to the voltage corres-
ponding to 0 9% breakdown. Ten oscillograms were recorded at
each value of the impulse amplitude, from which the value of the
relevant impulse voltage and the associated breadkown frequency
was determined. ‘

It was further suggested that this measurement should be repeated

. with exactly the same arrangement of the same test object at an interval

of a few weeks in order to get an idea of the reliability of the resulis
obtained by a particular laboratory.
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TasLe V.
Schedules lo yraphs 1 to 20.

Fig. | Graph | Tost ohied . State of the | Polarity of
No. No. est ohject spark gap - | theimpulses

5 1 Sphere gap s Dry " Positive

6 2 i Dry Negative

7 3 —_ s Dry Positive

8 4 et Dry Negative

9 5 Rod-rod gap... Dry Paositive
10 6 R T e Dry. Negative
11 7 Rod-plane gap Dry ~Positive
12 8 Rod-plane gap..........ooo oo, Dry | Negative
13 9 Sphere gap s = 60 mm............ Wet Positive
14 10 B I Wet Negative
15 11 - s== 12 mm....oooian ‘Wet Negative
16 12 T Wet Negative
17 13 Rod-rod gap........0oocoooiiiani, Wet Pogitive
18 14 —— B Wet - | Negative
19 15 Rod-plane gap ... covviiviiiiaaann Wet Positive
20 16 et O S Wet Negative
21 17 Impulse characteristic w = [ {1,) ...... Dry Pos. and neg.
22, 18 — — Wet Pos. and neg.
23 19 Deviation of all spark gaps ......... Dry and wet]Pos. and neg.
24 20 Frequeney of the 50 9 values ....... Dry Pos. and neg.

Tasre VI
Comparative Tests on Gaps.

Summary of.the mean values of the 50 0 ﬂaéhover wmpulse vollage of the four
types of spark gaps investigated, derived from the 50 0y values furnished by
the participatingglaboratories.

e : Pola—| 1 . ol
SparkTaaps rity LE.C. Dry . Under rain
kY 8% LV

Sphere gap” 60 mm..... o000, - 162 5 (10) 1549.9 (6)
— | 161 .3 (10) 162.8 (6)

Sphere gap 195 mm........ ... | 298 8 (11 955.3 (6]
282 .0 @1 270.7 (6)
Rod-rod gap 450 mm.......... - — 1.7 (13) 293.0 (8)
— 7.8 (13) 369.1.(7)
Rod-plane gap 450 mm......... S 243.9 (11) 243.1.(6)
—_ -~ 5157 (8) 432.0 (4)

Nore,—The figures in brackets indicate the number of laboratories involved in the
derivation of the mean value.
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; Results of measurements.—The results sent in by the various
laboratories for the values of the breakdown voltage were first reduced
to normal atmosphel ic pressure (760 mmlig/20° C) and then plotted
on the graphs Nos. 1 to 18 (figures 5 to 22).  Of these, graphs 1 to 16
show the cumulalive frequency curves oun probability coordinates,
and graphs 17 and 18 the breakdown characteristics measured by the
various laboratories. The significance of each of the graphs 1 o 18 .
is indicated in Table V. Each 50 9% breakdown vollage was deter-
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mined graphically by drawing the Gaussian straight line in the most
probable  position through the: clusters of points corresponding to
all measurements. . The standard deviation s was determined. from
this straight line by reading ofl' the values of the voltage corr esponding
to 16 9% and 849 ])1(,&1\(10'\\1] fruquency respectively.

Table VI shows the overall average values, based on all the labora-
tory measurements, for the 50 ¢y breakdown voltages of the four
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spark gaps investigated. Weighted averages are involved, in that
every measuring point has been taken between 10 % and 90 % break-
down values. In the case of the rod-rod and rod-plate gaps the
results obtained by one of the laboratories (P.L.) have not been taken
into account, as they are doubtful.  These values have nevertheless
heen taken into account in graphs 3 to 8 (fig. 7 to 12).

The I.E.C. values for the breakdown of sphere gaps are shown
in the table for comparison with the average measured values. The
figures given in hrackets after the measurement values indicate the
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number of the laboratories which have taken part in the relevant
measurement,

The Gaussian deviation s has been indicated on graph 19 (fig. 23) .
in decreasing values for the various laboratories. Each laboratory
has been indicated by a letter symbol. The meaning of these symbols
is given in the description and in Table I.
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Similarly, the group frequency of the values measured by the
separate laboratories for the 50 9% breakdown voltage has been shown
on graph 20 (fig. 24).

Discussion of the present results.—Consideration of the results
of the measurements shows firstly that for the sphere gap in the dry
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condition the 50 % breakdown values for a 60 mm gap differ from
the L.E.C. values by less than 1 9.% On the other hand, the values
for a 125 mm gap (gap — radius of sphere) differ from the LE.C.
values by 4~ 3 % with a positive impulse and almost — 1,5 % with
a negative impulse. This agreement can be regarded as satisfactory,
but it must be borne injmind that measuring errors of 3 0y must
be reckoned with using sphere gaps.

. The results obtained by different laboratories differ very little
from one another for the sphere gap (fig. 24). All the average
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values of the 50 ¢ breakdown voltage lie within a band of 5 kV
or + 1,5 9 for the 60 mm gap and 25 kV or & 3,5 9 for the 125 mm
gap for this type of spark gap. Thus it may be said that the measured
values obtained for the full 1/50 impulse amplitudes using a resistive
divider and cathode ray oscillograph on the one hand a sphere gap
on the other are mutually comparable to a degree of accuracy which
is generally sufficient for industrial purposes. '

In the case of the results obtained for the arrangements with «
non-homogeneous electric field in the dry condition (rod-rod and
rod-plate gaps) the differences in the measured values ohtained by
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the various laboratories are considerable; as shown in frqure 24,
all the values lie within 4 10 9 for rod-rod gaps and <4 6 0 and
=+ 159 for a positive and negative impulse respectively for rod-plate
gaps. An attempt was made to effect an improvement by inserting
an additional correction for the humidity, as suggested by the LE.C.
for insulators. :
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However, no significant improvement was obtained. Therefore
it was thought preferable to apply a correction for the atmospheric
pressure only {o the measured values, the values of the atmospheric
humidity existing during the measurements being specified separately.

A very striking observation, which is of practical significance,
is that the frequency curves of exactly the same arrangement, mea-
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sured on different days, do not coincide, but may be separated by a
distance which is some times greater than the value of the standard
deviation of measurements taken on the same day. Differences of
3 to 9 9% in the 50 9 voltages were reported by individual labo-
ratories. Bearing in mind that the 50 9% values are best defined
mathematically as the values at the intersection of the 50 9 horizontal
line with the probability curve (neither the 0 9% nor. the 100 % values
can, as asymptotes, be defined mathematically), this result can only
be explained by the fact that ceriain effects influence the breakdown
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vollages of these spark gaps, which are al present not taken inlo account.
The magnitude of this uncertainty, which cannot reside in the measu-
rement because it would otherwise also show itself in the measure-
ments with the sphere gap, is so considerable that it is of importance
in the coordination of insulation. This range of uncertainty must
be regarded as an additional voltage increment when grading insu-
lation if the grading is to result in reliable operation. The expla-
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H

nation of the variation in the frequency curves in terms of days,
weeks and months is therefore of practical importance. Similar
variations have already been found in previous comparative test ().

() LE. Allibone, Iniern. Comparison of Impulse-Voltage-Tests, J.1.E.E., Lon-
don, December 1937. K. Berger, Bull. A.S.E. 1953, No 8, «Recherchés axpérimen-
tales sur la dispersion des tensions de contournement et d’amorcage’ ’isolateurs,
éclateurs et parafcudres soumis 2 de: fortes tensions de chocs,



_ 00e

ose

2 : - - ooe

NN [ — NN o0se

¢ . //» € i . R 5 / 00>

Qs¥

N
WY N TN e

4
=

w0
©
|t
©
| rt

054

V] \
\ , 1 | \ I\ pos
ﬂ / 00z

, |

A

285D [Aip

- !¢lﬂcﬂ.wu / + - 057
i

i 04

0

s sz 7z st 1 5§ s sz z st 1 5o s’ sz .51

50 s g7 e g L 50
- 051

j -
t
/_/ O o0zt
- SR osi

otz
2\ T\ e

©
A
Ly d
‘?/

ose

(44

= . : 0J4aydas

ose

oie

NN 4 . 14 oée
N NG

Y
Gy
2]
<
| N[m|w|ai©

B 209 11
AN ase

/ /v y m/ N7 i : ,, | 4DYPsH uapns 0z

; NG e

= | R — B = ot
, %IQ \Q:u 205 D[fup l ; \.@Ll y

, positive:and negative polarity,

[ {tw), dry

{Graph No. 17.)

leristic w

F16. 21.—Impulse charac




uS

25

\*7(
15
Z

125"

e

under rain [sous pluie

MS

.

25
.

2

+
5
\

\
A\
\,

N

05

under rain [sous pluie

4
2

7
\

<
05
|
\

Hiy0t i

25 us

—Z
2

1 Studiengeselischaft

4 ASEA
8 BBC

o
«r./ o
I
NOD OO0 D00 OO0 SN 000 00O OQ
~ o N W =~ H OWwoOWwLoOWwmoOwo
5853348208 “RREBZOEIETmma N

Fig. 22 —Impulse characteristic u = f (fa), wet, positive and negative polarity.

(Graph No. 18.)

Hs

M5

HS

e



7 4. AEG Standard deviation H.KEMA

A

B: ASEA J : Langenthal

C: BAC Ecarf standard X' Micatd

D: EdY - L ; Sécheron

E: ETH Zirich M :Siemens

F. FKH N . Stud.Gesellschaft
G : KW Brugg 0:TH Graz

3 <3
\\ i
2 \ ] ]
, S \'\Xg
g
g
R — S— \QQ‘
. +0 K A H M J L A N M 0 B H E a,
dyféses Zo y o M OE KK Mopod 3 Mook W E D H Lab
’ H 8 E A
under rainfs.puie” 2 g ﬁ BN W B D K A E

H
T 1 o
e *“50‘. l:;—_;————j_"
$t%
10
g
N
7 \ \
&
PEEAN
5 R\\ L
4
% \ . \\
A RN
3 N
i - - S5 .
2 \\Mrﬁ N -
\% !\(\(NR‘
1 o
agfases T0F E L om L o 0 A £ B K A E BQL'EEM;‘: i
undermwspmuet‘:g g ? l(’: ; : g N e o8

Fig. 23.—Deviation of all investigated $park gaps, dry and wet,
positive and negative polarity. (Graph No. 19.)



326 — 30 —

In 1937 it was believed that they were attributable to uncertainties
in the impulse measurements. But this explanatlon can no longer
be entertained in the light of modern measuring techniques, as the
results of the sphere gap measurements show. The {luctuations in
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the hreakdown voltages in the non-homogeneous cld, which ave,
so far, explicable, -were discussed at a mecting of all the technical
pmsonnol of the Study Group held on 18/19 November, 1985 in
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Zurich. © They also constituted the reason for including fully detailed
information in Tables II to IV on all the lahoratory arrangements.
So far, however, it has not been possible to find any definite effect
which would explain the large variations.

The present report must therefore confine itself to establishing
the existence of an uncertainty, not of the impulse measurements,
Irat of the behaviour-of rod-rod and rod-plate spark gaps, and (o
raising the question of the origin of the variations in the frequency
curves, which have now been definitely established:

Since it is to e expected that at least equally large variations also
occur with insulators, the fields of which are, of course, similar to
those of the spark gap systems described above, it is important in
practice to have an explanation of the phenomenon, or where this
is not possible, at least to take the phenomenon: inlo account.

The effect of rain varies very widely for the different spark gaps.
It is interesting to note that rain has little effect on the sphere gap
with a 60 mm gap, whereas with a gap of 125 mm a considerable
reduction (of the order of 20 %) was found for a positive impulse.
In this case the frequency curve can no longer he of Gaussian lorm,
because the deviations. hecome much larger in the downward direction
than in the upward direction,: which means that the distribution is
assymetrical.  Correspondingly curved graphs were produced hy two
laboratories. The slight effect of vain with the small gap distance is
prosumably dueio the fact that there are no drops of water on or
between the spheres at. the instant when the impulse is applied.
With a larger number of pulses an effect would he bound to show,
In the case ol the rod-rod gap the ellect of rain is vanishingly small.
With the rod-plaie gap, the presence ol rain brings about a reduction
in the very high-voltage for a negative impulse, and & smaller increase
in the breakdown voltage for a positive impulse.

As opposed o the results of the sphere gap, the observations with
the nopn-homogeneous  arrangements can . he understood.  The fact
that the rad-rod gap is unaffected by rain is of practical imporlance.

Finally, reference should be made to the measurements of the
breakdown -vollage on the wavefront in accordance with curves ol
the graphs No. 17 and 18 (fig. 21 and 22). - In this connection the
point with an abscissa value of 0.8 s is ol particular importance,
because this is the point for which measuréments are required by
the 1.E.C.; e.g. for protective devices.” Tn' contrast. to the measu-
rements taken with the full 1/50 impulse, difficulties are encoun-
tered in the measurement itself. Variations of 20 to 30 9 in the
hreakdown voltage measured at the 0.3 ps point with sphere gaps
“and similar or greater variations even at the 1 us point. with the
rod-rod-‘gap: are by no means rare, as is shown in figure 21. The
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~ discussion in the Study Group has shown that therve is a need for a

reliable and simple method of checking the voltage divider and cathode
ray oscillograph used for-these measurements. - Until this point has
heen cleared up, the specification of the breakdown voltages omn
the wavefront is more or less unreal, because they depend greatly
on the measuring arrangement employed. This second problem,
too, merits the attention of the C.I.G.R.E., especially of the high
voltage laboratories which are directly concerned.
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